. FTIR spectra of fresh polyoxometalates Mo 6 and Mo 8 , as precursors of Mo/ZSM-5 and Mo/MCM-22 catalysts Figure S3 . XRD of calcined Mo/ZSM-5 catalysts in air at 550ºC during 6 hours, containing 5% Mo from hexa-, hepta-and octamolybdate precursors. The crystalline structure of the ZSM-5 does not change with the addition of 5% Mo regardless of the employed precursor Figure S4 . Raman shift of fresh ZSM-5 and calcined 5%Mo 7 /ZSM-5 in air for 6 hours at two different temperatures, 500 and 550ºC. The sample calcined at 500ºC contains external MoO 3 species (characteristic bands at 670, 820 and 1000 cm -1 ) whereas the calcination at 550ºC produces the diffusion of MoO x through the channels and the anchoring of [Mo 2 O 5 ] 2+ species at the Brønsted sites Figure S5 . XRD diffractograms of calcined hexa-, hepta-and octamolybdates (POM6, 7 and 8) in air at 550ºC for 1 and 6 hours. The yellow background represents a zoom to diffraction angles in the range 10º -40º. The oxidation of the Mo species into MoO 3-x proceeds differently for each sample and the resulting oxidation state and crystal size differs consequently. Figure S6 . Raman spectra of hexa-and heptamolybdate precursors calcined in air at 550ºC for 6 hours. The differences in the relative intensity between the characteristic symmetric (823 cm -1 ) and antisymmetric (1004 cm -1 ) stretching bands of the Mo = O bond reveals the presence of different MoO x structure arrangements The band at 0 ppm indicates the presence of extra-framework octahedral aluminium. The chemical shifts at 50 and 55 ppm belong to framework tetrahedral aluminium. The shifts at +14 and -14 are attributed to the hydrated and (resonant) non-hydrated forms of the aluminium molybdate phase, i.e. [Al(OH) n (H 2 O) 6-n ] n (MoO 4 ) (n = 1 or 2) and Al 2 (MoO 4 ) 3 , respectively S1 . The last species appear as a result of a strong interaction between the molybdenum and the zeolite aluminium species. According to this, the use of Mo 8 as precursor was detrimental for the synthesis of 5%Mo/ZSM-5 since it led to significant dealuminization of the ZSM-5 framework and to the generation of Al 2 (MoO 4 ) 3 crystallites. The coexistence of hydrated and non-hydrated Al 2 (MoO 4 ) 3 crystallites suggests that this species is also present in the bulk and not only at the catalyst surface S1 . The spectra of 5%Mo 6 /ZSM-5 and 5%Mo 7 /ZSM-5, however, are very similar and indicate a substantially lower presence of extra-framework aluminium and aluminium molybdate. Nevertheless, the bands at 0 and +14 ppm and at the range 50 -55 ppm are slightly greater and broader, respectively, in the case of 5%Mo 7 /ZSM-5. This would indicate a slightly greater dealuminization and the presence of a greater number of Al 2 (MoO 4 ) 3 species at the catalyst surface.
The previous discussion applies to evaluate the effect of Mo loading on the Mo 6 /MCM-22 catalysts. The greater the Mo content, the more intense are the peaks related to extraframework octahedral Al (0 ppm) and aluminium molybdate (+14 ppm). The appearance of the peak of non-hydrated Al 2 (MoO 4 ) 3 at -14 ppm for the 8%Mo 6 /MCM-22 catalyst is again attributed to the presence of bulk aluminium molybdate apart from that at the surface. The as-synthesized MCM-22 zeolite was found to have a contribution of both aluminium species with tetrahedral (50 -55 ppm) and octahedral (0 ppm) coordination, as already reported in literature S1 .
a b
ESI -11 Figure S10. a) Raman shift of MCM-22 support and Mo 6 -based catalysts having different metal loads. High metal loads (>5%) saturate the channels of the MCM-22 and form large MoO 3 aggregates at its external surface, as revealed by the appearance of bands around 670, 820 and 1000 cm -1 in the samples containing 8% and 10%Mo 6 ; b) XRD of Mo 6 /MCM-22 catalysts containing 5%, 8% and 10% Mo. The crystalline structure of the MCM-22 does not change with Mo load, although diffraction peaks become less intense at higher metal content
ADDITIONAL DISCUSSION ON XRD RESULTS:
There is not any evidence on the presence of ferrierite phase in the MCM-22 support in spite of its low acidity (Si/Al < 22). This is attributed to the fact that the synthesis of the resulting gel was conducted in a stainless-steel autoclave under heating and rotation. a b
ESI -12
Computational procedure to obtain force field parameters for POMs
Initially, the structures of all of the polyoxoanions were fully optimized without symmetry constraints using the Gaussian09 package S1 at the DFT level using the B3LYP functional. S3 The LANL2DZ atomic basis set S4 was used for Mo, while oxygen centers were described by an allelectron double-ζ Pople-type basis set supplemented with polarization functions. S5 Solvent effects of water were taken into account in the geometry optimizations by means of the dielectric IEF-PCM model, S6 as implemented in Gaussian09. S1 Then, CHELPG atomic charges were obtained from single-point calculations in vacuo of the optimized structures. The set of Lennard-Jones parameters for Mo were taken from UFF S7 , and the bonding parameters within the POM framework were kept rigid during the simulations by means of large force contants of the same order of magnitude tan the largest in the AMBER99 force field. S8
Cartesian coordinates in Å and potential electronic energies in a.u. of the most representative DFT-optimised structures (B3LYP level with IEF-PCM continuum solvent model). 
